The general aim of our work funded by DOE is the design and implementation of a new sensor technology that offers the unprecedented levels of specificity needed for analysis of the complex chemical mixtures found at DOE sites nationwide. The sensor is based on a unique combination of electrochemistry, spectroscopy and selective partitioning into a film that collectively provide an extraordinary level of selectivity for the target analyte. Our goal is a reversible sensor in which the fluorescent Tc-complex formed in the film is re-oxidized to TcO 4 ─ and free ligand. TcO 4 ─ in the film would then re-equilibrate with the sample. The sensor would therefore satisfy requirements for both applications described above. Making significant progress towards this goal has required us to discover new chemistry and spectroscopy for technetium itself. Indeed, we needed to find the first technetium complexes which fluoresced in solution at room temperaturewe have made that breakthrough discovery this last year. We are now in the unique position of being able to reach our goal of a reversible sensor for Tc.
Research Progress and Implications:
Task 1: Refinement of the chemically-selective film for pertechnetate
In our search for new and better luminescent Tc complexes that can be made from TcO 4 -we have examined anew [Tc(dmpe) 3 ] + (dmpe = 1,2-bis(dimethylphosphino)ethane) which we have previously studied as related to nuclear medicine procedures. Our results of years ago showed that non-aqueous [Tc(dmpe) 3 ] + is part of a redox couple with well-defined, reversible electrochemistry that is accompanied by distinct absorbance changes in the visible wavelength region. We have now studied the spectroscopic properties of [Tc(dmpe) 3 ] + in aqueous solution and have shown that it fluoresces at room temperature and that the fluorescence can be electromodulated. Spectroelectrochemical modulation is accomplished by either scanning or stepping the potential from -300 mV, at which no fluorescence is observed, to +400 mV at which excitation light is absorbed and fluorescence of [Tc(dmpe) is now the second type of luminescent Tc complex we have discovered and we have prepared a second manuscript which details some of our important results. The Tc(I) complex is prepared in high yield by reduction of the Tc(VII) pertechnetate anion in a single step reaction with DMPE, where the diphosphine is both the reducing agent as well as the complexing ligand. The colorless Tc(I) complex is then isolated by metathesis with LiOTf for spectroelectrochemical studies in aqueous solvent. The purple [Tc(DMPE) 3 ] 2+ can then be prepared by oxidation of the Tc(I) by HOTf and H 2 O 2 in acetonitrile. The capacity of the Tc(VII) to be reduced in a single-step reaction to the Tc(I) core suggests that a similar electrolytic reaction, where an applied potential reduces the Tc(VII) in the presence of ligand, will also produce the Tc(I/II) complex. Studies to establish and optimize the eletrolytic preparation of the Tc(II) chromophore are ongoing in the Radiochemical Processing Laboratory at Hanford 300 Area .
We recently recognized the potential of the so-called Dais polymer material for sensing purposes. DAIS, more properly, SSEBS (sulfonated polystyrene-blockpoly(ethylene-ran-butylene)-block-polystyrene), is a sulfonated tri-block co-polymer of styrene, ethylene, and butylene. It is a polyelectrolyte in that styrene is partially sulfonated. As such, it has negatively charged groups, -SO 3 -, that form the basis for selective cation exchange and transport. DAIS-Analytical Corp. was the first to commercially prepare this material; it is now available from Aldrich in several different forms. Since this material has unique and promising properties, we have continued our evaluation of it for use in cationic Tc complex detection.
Because + is efficiently sorbed into the SSEBS polymer material on the surface of the spectroelectrochemical sensor. The rapid uptake by a SSEBS polymer-coated spectroelectrochemical sensor has been measured and electromodulation demonstrated. We are currently defining the optimal conditions for this system and, in October, 2006, will measure the limits of detection with the sensor containing the SSEBS sensing film.
The fluorescence response to electrochemically cycling [Tc(dmpe) 3 ] + , which is loaded into a SSEBS film on the sensor, between Tc(I) and Tc(II) is easily done by stepping the potential between ─300 mV (Tc(I), nonfluorescent) and 700 mV (Tc(II), fluorescent). The degree of electromodulation is nearly complete after a short period of time as indicated by the strong change in fluorescence signal on reduction to the Tc(I) complex. It is clear that the fluorescence is turned on and off as the trapped complex is cycled between its two oxidation states. Modulation of the fluorescence signal is the critical procedure in the spectroelectrochemical sensor concept, which relies on measurement of this change in fluorescence, ΔF, to measure concentration and to distinguish the target species from others that might be in the sample.
Task 2: Continued development of sensor prototype and associated portable instrumentation
We continue to use a fully functional portable instrument with the spectroelectrochemical sensor. The instrument is composed of the sensor, a small imaging spectrograph fitted with a Peltier-cooled CCD camera, two small diode lasers (404 nm, 532 nm) as the excitation sources, and a potentiostat. The instrument now has a very versatile configuration and can be used not only with the spectroelectrochemical sensor but also remotely with standard absorbance and luminescence cells which allows us to work on a variety of hot samples in the Radiochemical Processing Laboratory. We have again used this instrument extensively at PNNL in July and August 2006 for its detection capabilities and adaptability to a laboratory radioactive environment. There we measured films with sorbed fluorescent Tc analogues as well as aqueous solutions of these same compounds. The instrument currently resides in the Radiochemical Processing Laboratory at Hanford 300 Area where it is the principal spectroscopic tool for investigating the spectroscopy of technetium compounds. One of us (Co-PI CJS) spent all of July and the first week of August 2006 working with the PNNL Co-PIs and the instrument and will travel there again in October for an additional 10 days for new experiments on Tc compounds.
Task 3: Demonstration of sensor performance on TcO 4
─ standards and samples from the vadose zone and subsurface water at Hanford Site
We have evaluated new pertechnetate preconcentration materials at PNNL (see Task 1 ). The laboratory samples examined to this point are higher in concentration than the native vadose zone samples. Once the detection limit is defined, we will test the vadose zone samples provided by Jeff Serne at PNNL. In addition, we are currently establishing the detection limits for the [Tc(dmpe) 3 ] + cation using the SSEBS electromodulated film technique discussed in Task 1 above.
Recent groundwater monitoring activities adjacent to the T tank farm of the Hanford Site have unexpectedly shown extremely high concentrations of 99 Tc in new monitoring well 299-W11-25 (exceeding 181,000 pCi/L). There are also trends of increasing 99 Tc at a number of downgradient detection monitoring wells (299-W11-40, 299-W11-39, and 299-W42). The associated 99 Tc plume is migrating toward and encroaching on the Columbia River. Subsequent to this discovery the high level of concern expressed by the State of Washington has suddenly raised the importance of a reliable sensor for Tc in the pertechnetate form. Our recent breakthroughs on this difficult project should enable us to provide such a sensor.
Planned Activities: A New Collaboration: PNNL-UWY-UC
To broaden our expertise and efforts in discovering new luminescent complexes of technetium, we have formed a new collaboration which consists of the Co-PIs from PNNL/EMSL (Andrew Del Negro, Samuel A. Bryan) and UC (Professors Carl J. Seliskar and William R. Heineman) and a new collaborator from the University of Wyoming (Prof. B. Patrick Sullivan). It is important to note that before we began working to find luminescent technetium complexes no such complexes had been reported in the literature. It was, in part, through this new collaboration that we have made groundbreaking progress in identifying new luminescent complexes of technetium. This collaboration has already produced one Journal of the American Chemical Society Communication and another is about to be submitted for review. These two Communications summarize some of our very recent progress.
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